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Description 

BACKGROUND OF THE INVENTION 
5 1) Field of the Invention 

[0001] The present invention relates to a polycarbonate resin with transparency, heat resistance, a low photoelastic 
constant and a good property balance between refractive index and Abbe's number, good flowability and a process for 
producing the same. The polycarbonate resin is suitably applicable to plastic optical products including optical disc sub- 
10 strates, various lenses, prisms and optical fibers and a process for producing the same. 

2) Prior Art 

[0002] A polycarbonate resin obtained by reaction of 2,2-bis (4-hydroxy-phenyl) propane (the so-called bisphenol 
is A) with phosgene or carbonic acid diester is applied widely to not only structural materials, but also optical materials 
such as optical disc substrates, various lenses, prisms and optical fibers, since it has excellent heat resistance, excel- 
lent transparency and furthermore excellent mechanical properties such as impact resistance. 

[0003] However, the polycarbonate resin made from bisphenol A has a problem in which double refraction becomes 
large due to molecular orientation and residual stress during molding, since it is a material with low flowability and has 

20 a high photoelastic constant. Thus, when an optical material composed of the polycarbonate resin made from bisphenol 
A is molded, a method for lowering double refraction of its product by molding at a high temperature using a polycar- 
bonate resin with comparatively low molecular weight has been applied. However, since there is a limit for lowering dou- 
ble refraction of the polycarbonate resin produced from bisphenol A, even when the above-mentioned method is 
applied, a material with further low photoelastic constant and high flowability has been earnestly required in a partial 

25 field of optical material, particularly in the field of optical disc with recent expansion of use of optical material. 

[0004] As a method for lowering a photoelastic constant of a polycarbonate resin, for example, as shown in Japa- 
nese Patent Kokai (Laid-open) No.64-66234, copolymerizing bisphenol A with tricyclo (5.2.1. 0 2 ' 6 ) decane dimethanol 
is known. However, this method causes deterioration of heat resistance and does not provide sufficient effects in low- 
ering photoelastic constant. 

30 [0005] Further, as lens materials, particularly a spectacle lens material, CR-39 (diethyleneglycol bis-arylcarbonate) 
has been widely used, but it has problems of a low refractive index of 1.50 and low productivity since it is a thermoset- 
ting resin. Thus, it has been desired to solve such problems. 

SUMMARY OF THE INVENTION 

35 

[0006] An object of the present invention is to solve above-mentioned prior art problems and provide a polycar- 
bonate resin which has a lower photoelastic constant than a polycarbonate resin from bisphenol A and a good balance 
between refractive index and Abbe's number and good flowability and a process for producing the same. 
[0007] As a result of extensive studies to solve above-mentioned prior art problems, the inventors have found that 
40 the problems can be solved by providing a polycarbonate resin derived from pentacyclopentadecane-dimethanol, and 
at least one compound selected from the group consisting of tricyclo (5.2. 1.0 2 - 6 ) decane dimethanol, cyclohexane-1 , 4- 
dimethanol, decalin-2, 6-dimethanol and norbornane dimethanol and carbonic acid diester and have accomplished the 
present invention. 

[0008] That is, the present invention provides a polycarbonate resin obtainable by reaction of pentacyc lope n tad e- 
45 cane dimethanol, at least one selected from the group consisting of tricyclo (5.2.1. 0 2,6 ) decane dimethanol, cyclohex- 
ane-1, 4-dimethanol, decalin-2,6-dimethanol and norbornane dimethanol and carbonic acid diester. 
[0009] The present invention also provides a process for producing a polycarbonate resin which comprises per- 
forming melt polycondensation of pentacyclopentadecane dimethanol, at least one compound selected from the group 
consisting of tricyclo (5.2.1. 0 2 - 6 ) decane dimethanol, cyclohexane-1, 4-dimethanol, decalin-2,6-dimethanol and norbor- 
50 nane dimethanol and carbonic acid diester in the presence of a basic compound catalyst, thereby obtaining a polycar- 
bonate resin. 

DETAILED DESCRIPTION OF THE INVENTION 

55 [0010] The polycarbonate resin of the present invention is derived from pentacyclopentadecane dimethanol (here- 
inafter, referred to as PCPDM" ), at least one selected from the group consisting of tricyclo (5.2.1 .0 2 * 6 ) decane dimeth- 
anol (hereinafter referred to as TCDDM" ), cyclohexane-1 , 4-dimethanol (hereinafter, referred to as ° CHDM" ), decalin- 
2, 6-dimethanol (hereinafter, referred to as "DDM n ), and norbornane dimethanol (hereinafter, referred to as "NBDM" ) 
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and carbonic acid ester. 

[0011] PCPDM is a compound(s) represented by the general following formulas (1 ) and /or (2) , and includes a mix- 
ture of each isomer thereof in an optional ratio. 



HOCHa 



10 




CH2OH 



(i) 



15 



HOCH2 




(2) 



— CH*OH 



20 



[0012] TCDDM is represented by the following general formula (3), and includes various isomers thereof. 



25 



HOCH 




CH2OH O) 



30 



[0013] CHDM is represented by the following chemical formula (4), and includes various isomers thereof. 



35 



40 



HOCH2 




CH2OH 



(4) 



[0014] DDM is represented by the following chemical formula (5), and includes isomers thereof. 



,CH 2 0H 



50 



(5) 



HOCH2' 



55 



[0015] NBDM is represented by the following general formula (6), and includes various, isomers thereof. 
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5 



H0CH2 




CH20H 



(6) 
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[0016] In the present invention, it is preferable to use 5 to 70 mol% of at least one compound selected from the 
group consisting of TCDDM, CHDM, DDM and NBDM to total mol of PCPDM and at feast one compound selected from 
the group consisting of TCDDM, CHDM, DDM and NBDM. When the percentage is below 5 mot%, it is not preferable 
from the aspect of flowability, whereas above 70 mol%, it is not preferable from the aspect of heat resistance. 

75 [0017] The polycarbonate resin has a photoelastic constant of 60 x 10' 12 m 2 /N or below and more preferably 50 x 
1 0" 12 m 2 /N or below. When the photoelastic constant is above 60 x 10~ 12 m 2 /N, it is not preferable since double refrac- 
tion becomes large, for example, its use as optical disc substrate causes a large error in reading signals. 
[0018] It is preferable that the polycarbonate resin has a refractive index of 1 .53 or above and an Abbe's number of 
35 or above. When the refractive index is below 1 .53, it is not preferable that when plastic lenses are formed of the poly- 

20 carbonate resin, it is necessary to make the lenses thick. When Abbe's number is below 35, it is not preferable that 
when plastic spectacle lenses formed of the polycarbonate resin is used, abuse such as fatigue of eyes readily occurs. 
[0019] Further, in the polycarbonate resin of the present invention, even if its glass transition temperature (Tg) to 
indicate heat resistance is allowed to change, each change of photoelastic constant, refractive index and Abbe's 
number is very small. 

25 [0020] Examples of the carbonic acid diester of the present invention, include diphenyl carbonate, ditoiylcarbonate, 
bis (chlorophenyl) carbonate, di-m-cresyl carbonate, dinaphthyl carbonate, dimethyl carbonate, diethyl carbonate, dib- 
utyl carbonate, dicyclohexyl carbonate, among which diphenyl carbonate is preferable. 

[0021] A molar ratio of preferably 0.97 to 1 .1 0 mol and more preferably 0.99 to 1 .04 mol of carbonic acid ester per 
total 1 mol of PCPDM and at least one compound selected from the group consisting of TCDDM, CHDM, DDM and 
30 NBDM is used. 

[0022] The polystyrene conversion weight average molecular weight of the polycarbonate resin is preferably 20,000 
to 200,000 and more preferably 30,000 to 130,000. When the polystyrene conversion weight average molecular weight 
is below 20,000, strength of molding article is insufficient, whereas above 200,000, it is not preferable since flowability 
during molding deteriorates. 

35 [0023] In the process for producing the polycarbonate resin, basic compound is used as catalyst. Examples of the 
basic compound include alkali metal compounds, alkaline earth metal compounds, nitrogen -containing compounds and 
phosphorus-containing compounds. 

[0024] Examples of the alkali metal compounds include sodium hydroxide, potassium hydroxide, cesium hydroxide, 
lithium hydroxide, sodium hydrogencarbonate, sodium carbonate, potassium carbonate, cesium carbonate, lithium car- 
40 bonate, sodium acetate, potassium acetate, cesium acetate, lithium acetate, sodium stearate, petassium stearate, 
cesium stearate, lithium stearate, sodium borohydride, sodium phenylborate, sodium benzoate, potassium benzoate, 
cesium benzoate, lithium benzoate, disodium hydrogenphosphate, dipotassium hydrogenphosphate, dilithium hydro- 
genphosphate, disodium phenylphosphate, sodium tetraphenyl borate, and each sodium salt, potassium salt, cesium 
salt and lithium salt of phenol. 

45 [0025] Examples of the alkaline earth metal compounds include magnesium hydroxide, calcium hydroxide, stron- 
tium hydroxide, barium hydroxide, magnesium hydrogencarbonate, calcium hydrogencarbonate, strontium hydrogen- 
carbonate, barium hydrogencarbonate, magnesium carbonate, calcium carbonate, strontium carbonate, barium 
carbonate, magnesium acetate, calcium acetate, strontium acetate, barium acetate, magnesium stearate calcium stea- 
rate, strontium stearate, barium stearate, calcium benzoate, magnesium phenylphosphate, each magnesium salt, cal- 

50 cium salt, strontium salt and barium salt of phenol. 

[0026] Examples of the nitrogen-containing compound and phosphorus-containing compound include quaternary 
ammonium hydroxides having alkyl group, aryl group or aralkyl group including tetramethylammonium hydroxide, tetra- 
ethylammonium hydroxide, tetrapropylammonium hydroxide, tetrabutylammonium hydroxide and trimethylbenzilarnmo- 
nium hydroxide, tertiary amines including triethyamine, dimethylbenzilamine and triphenylamine, secondary amines 

55 including diethylamine, dibutylamine and diphenylamine, primary amines including butylamine, pentylamine, hexy- 
lamine, decylamine and aniline, imidazoles including 2-methylimidazole, 2-phenylimidazole and benzoimidazol and 
basic salts including ammonia, tetramethylammonium borohydride, tetrabutylammonium borohydride, tetrabutylammo- 
nium tetraphenylborate, tetraphenylammonium tetraphenyl borate and tetraphenylphosphonium tetraphenylborate. 
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[0027] The catalyst is used in a molar ratio of 10" 9 to 10~ 3 mol and preferably 10~ 7 to 10~ 4 mol per total 1 mol of 
PCPDM and at least one compound selected from the group consisting of TCDDM, CHDM, DDM and NBDM. When 
the molar ratio is below 10" 9 , it is not preferable since satisfactory polymerization activity cannot be secured, whereas 
above 10" 3 it is not prefereble since coloration of the resin becomes remarkable. 

5 [0028] The transesterification in the present invention can be performed by known melt polycondensation process. 
That is, melt polycondensation is performed by transesterification with heating under atmospheric pressure j>r a 
- - reduced pressureusing'above-mentionedraw materials afid^catalyst while Tern wing~by- pro ducts. 

[0029] The reaction is usually performed in multiple stages of two stages or above. The first stage reaction is per- 
formed at a temperature of 120 to 260 °C and preferably 180 to 240 °C for 0.1 to 5 hours and preferably 0.5 to 3 hours. 

io Then, the reaction is performed while increasing the degree of reduced pressure in the reaction system and elevating 
the reaction temperature and finally polycondensation is performed under a reduced pressure of 1 mmHg or below at 
a temperature of 200 to 300 °C for 3 to 1 0 hours. Such reaction may be performed in a continuous process or in a batch 
wise. The reaction apparatus to be used in above-mentioned reaction may a vertical type reaction apparatus equipped 
with anchor type stirring blade, maxblend stirring blade helical-ribbon type stirring blade, etc., a horizontal type reaction 

15 apparatus equipped with paddle blade, lattice blade, spectacle shaped blade and an extruder type reaction apparatus 
equipped with a screw and in the continuous process it is suitable to use a combination of above-mentioned reaction 
apparatuses. 

[0030] In the process of producing the polycarbonate resin, after the completion of the polymerization reaction, the 
catalyst is removed or deactivated in order to maintain heat stability and hydrolysis stability of the polycarbonate resin 
20 thus obtained. Usually, a method for deactivating the catalyst by addition of known acid substance or a derivative 
thereof is suitably applied. 

[0031] Examples of the acid substance or the derivative thereof include aromatic sulfonic acids including p-toluene 
sulfonic acid, aromatic sulfonates including butyl p-toluenesulfonate and hexyl p-toluene-sulfonate, aromatic sulfonic 
acid phosphonium salts including dodecylbenzene sulfonic acid tetrabutyl phosphonium salt, phosphoric acids includ- 
es ing phosphoric acid and phosphorous acid, organic halides including stearyl chloride, benzoyl chloride and p-tolue-. 
nesulfonyl chloride, alkyl sulfate including dimethyl sulfate and organic halides including benzil chloride. 
[0032] After the deactivation of the catalyst, a step to remove low boiling point compounds in the polymer with 
vaporization under a pressure of 0.1 to 1 mmHg at a temperature of 200 to 300 °C may be added. For its purpose, a 
horizontal apparatus equipped with a stirring blade with excellent surface renewing capacity such as paddle blade, lat- 
30 tice blade, spectacle shaped blade, etc. or thin film vaporizer is suitably used. 

[0033] In the present invention, in addition to above-mentioned heat stabilizer and hydrolysis stabilizer, additives 
such as an antioxidant, dye, pigment, a reinforcing agent, a filler, an ultraviolet absorber, a lubricating agent, a releasing 
agent, a crystal nuclear agent, a plasticizer, a flowability improving agent, an antistatic agent, an antibacterial agent, 
etc, may be used. 

35 [0034] Regarding the timing to add above-mentioned additives, they may be added during which melting state of 
the polycarbonate resin is maintained just after the reaction or further added after pelletizing the polycarbonate resin. 
In the addition of plural additives, the timing of addition may be changed, respectively. 

[0035] Where the additives are added to the polycarbonate resin in which melting state is maintained just after the 
reaction, a process comprising adding them to the resin withdrawn from the reactor, then transferring it into a horizontal 
40 kneading machine to knead uniformly and then pelletizing or a process comprising transferring the resin withdrawn from 
the reactor into a horizontal kneading machine and adding them via side feed to the kneading machine to knead uni- 
formly and then pelletizing is suitably applied. 

[0036] When they are added to a pelletized resin, a process comprising mixing and dispersing the pellets and 
above-mentioned additives and agents with a mixer including, typically, a tumbler mixer, a Henschel mixer, a ribbon 
45 blender, a super mixer and then melt kneading with a kneading machine such as an extruder, Bumbary mixer, rolls are 
suitably selected. 

PREFERRED EMBODIMENTS OF THE INVENTION 

so [0037] The present invention will be described in more detail below, referring to Examples, which are not intended 
to limit the scope of the present invention. 

Example 1 

55 [0038] 49.9 g (0.19 mol) of pentacyclopentadecane dimethanol (hereinafter "PCPDM" ), 2.0 g (0.01 mol) tricycio 
(5.2.1. 0 2 ' 6 ) decane dimethanol (hereinafter, referred to as "TCDDM" ), 43.3 g (0.202 mol) of diphenyl carbonate and 
5x1 0* 4 g (6x1 0" 6 mol) of sodium hydrogencarbonate was charged to a four-neck flask of capacity 300 ml equipped with 
a stirrer and a distiller and then heated at 1 80 °C under nitrogen atmosphere of 760 mmHg and then stirred for 30 min- 
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utes. 

[0039] Then, the reduced pressure degree in the interior of the flask was adjusted to 150 mmHg and the tempera- 
ture in the interior of the flask was elevated up to 200 °C at the rate of 60 °C /hr and maintained to 200 °C for 40 minutes 
and the trans esterification reaction was performed. The temperature was further elevated up to 225 °C at the rate of 75 
5 °C /hr, and after 40 minutes of the completion of elevation of the temperature, the reduced pressure degree was set to 
1 mmHg or below over one hour while maintaining 225 °C . Then, the temperature was elevated up to 235 °C at the rate 
of 1 05 °C /hr and the reaction was performed with stirring for total 6 hours. After the completion of the reaction, nitrogen 
was injected into the interior of the reactor to return to atmospheric pressure and a polycarbonate resin thus produced 
was withdrawn. The measured results of the properties of the polycarbonate resin was shown in Table 1 . 

10 

Example 2 

[0040] The experiment was performed in the same manner as in Example 1 except that 36.7 g (0.14 mol) of 
PCPDM, 1 1 .8 g (0.06 mol) of TCDDM, 43.3 g (0.202 mol) of diphenyl carbonate and 5 x 1 0" 4 g (6 x 1 0 6 mol) of sodium 
15 hydrogencarbonate were used. The measured results of the properties of the polycarbonate resin was shown in Table 
1. 

Example 3 

20 [0041] The experiment was performed in the same manner as in Example 1 except that 15.7 g (0.06 mol) of 
PCPDM, 27.5 g (0.14 mol) of TCDDM, 43.3 g (0.202 mol) of diphenyl carbonate and 5 x 10" 4 g (6 x 10 6 mol) of sodium 
hydrogencarbonate were used. The measured results of the properties of the polycarbonate resin was shown in Table 
1. 

25 Comparative Example 1 

[0042] The experiment was performed in the same manner as in Example 1 except that 39.3 g (0.2 mol) of TCDDM, 
43.3 g (0.202 mol) of diphenyl carbonate and 5 x 10" 4 g (6 x 10" 6 mol) of sodium hydrogencarbonate were used and 
PCPDM was not used. The measured results of the properties of the polycarbonate resin was shown in Table 1 . 

30 

Comparative Example 2 

[0043] The measured results of the properties of a polycarbonate resin derived from bisphenol A, manufactured by 
Mitsubishi Engineering Plastics k.k., Japan, trade name : IUPILON H-4000 was shown in Table 1 . 

35 

Example 4 

[0044] 49.9 g (0.19 mol) of PCPDM, 1.4 g (0.01 mol) of cyclohexane-1 , 4-dimethanol (hereinafter, referred to as 
"CHDM" ), 43.3 g (0.202 mol) of diphenyl carbonate and 5x1 0" 4 g (6x1 0" 6 mol) of sodium hydrogencarbonate was 
40 charged to a four-neck flask of capacity 300 ml equipped with a stirrer and a distiller and then heated at 1 80 °C under 
nitrogen atmosphere of 760 mmHg and then stirred for 30 minutes. 

[0045] Then, the reduced pressure degree in the interior of the flask was adjusted to 150 mmHg and the tempera- 
ture in the interior of the flask was elevated up to 200 °C at the rate of 60 °C /hr and maintained to 200 °C for 40 minutes 
and the transesterifi cation reaction was performed. The temperature was further elevated up to 225 °C at the rate of 75 
45 °C /hr, and after 40 minutes of the completion of elevation of the temperature, the reduced pressure degree was set to 
1 mmHg or below over one hour while maintaining 225 °C . Then, the temperature was elevated up to 235 °C at the rate 
of 1 05 °C /hr and the reaction was performed with stirring for total 6 hours. After the completion of the reaction, nitrogen 
was injected into the interior of the reactor to return to atmospheric pressure and a polycarbonate resin thus produced 
was withdrawn. The measured results of the properties of the polycarbonate resin was shown in Table 2. 

50 

Example 5 

[0046] The experiment was performed in the same manner as in Example 4 except that 36.7 g (0.14 mol) of 
PCPDM, 8.7 g (0.06 mol) of CHDM, 43.3 g (0.202 mol) of diphenyl carbonate and 5 x 1 0" 4 g (6 x 1 0" 6 mol) of sodium 
55 hydrogencarbonate were used. The measured results of the properties of the polycarbonate resin was shown in Table 
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Example 6 

[0047] The experiment was performed in the same manner as in Example 4 except that 15.7 g (0.06 mol) of 
PCPDM, 20.2 g (0.14 mol) of CHDM, 43.3 g (0.202 mol) of diphenyl carbonate and 5 x 10~ 4 g (6 x 10~ 6 mol) of sodium 
5 hydrogencarbonate were used. The measured results of the properties of the polycarbonate resin was shown in Table 
2. 



Comparative Example 3 

w [0048] The experiment was performed in the same manner as in Example 4 except that 28.8 g (0.2 mol) of CHDM, 
43.3 g (0.202 mol) of diphenyl carbonate and 5 x 10~ 4 g (6 x 10" 6 mol) of sodium hydrogencarbonate were used and 
PCPDM was not used. The measured results of the properties of the polycarbonate resin was shown in Table 2. 

Example 7 

15 

[0049] 49.9 g (0.19 mol) of PCPDM, 2.0 g (0.01 mol) of decalin-2, 6-dimethanol (hereinafter, referred to as "DDM" 
), 43.3 g (0.202 mol) of diphenyl carbonate and 5x1 0" 4 g (6x1 0" 6 mol) of sodium hydrogencarbonate was charged to a 
four-neck flask of capacity 300 ml equipped with a stirrer and a distiller and then heated at 1 80 °C under nitrogen atmos- 
phere of 760 mmHg and then stirred for 30 minutes. 

20 [0050] Then, the reduced pressure degree in the interior of the flask was adjusted to 1 50 mmHg and the tempera- 
ture in the interior of the flask was elevated up to 200 °C at the rate of 60 °C /hr and maintained to 200 °C for 40 minutes 
and the transesterification reaction was performed. The temperature was further elevated up to 225 °C at the rate of 75 
°C /hr, and after 40 minutes of the completion of elevation of the temperature, the reduced pressure degree was set to 
1 mmHg or below over one hour while maintaining 225 °C . Then, the temperature was elevated up to 235 °C at the rate 

25 of 105 °C/hrand the reaction was performed with stirring for total 6 hours. After the completion of the reaction, nitrogen 
was injected into the interior of the reactor to return to atmospheric pressure and a polycarbonate resin thus produced 
was withdrawn. The measured results of the properties of the polycarbonate resin was shown in Table 3. 

Example 8 

30 

[0051] The experiment was performed in the same manner as in Example 7 except that 36.7 g (0.14 mol) of 
PCPDM, 1 1 .9 g (0.06 mol) of DDM, 43.3 g (0.202 mol) of diphenyl carbonate and 5 x 1 0' 4 g (6 x 10' 6 mol) of sodium 
hydrogencarbonate were used. The measured results of the properties of the polycarbonate resin was shown in Table 
3. 

35 

Example 9 

[0052] The experiment was performed in the same manner as in Example 7 except that 15.7 g (0.06 mol) of 
PCPDM, 27.8 g (0.14 mol) of DDM, 43.3 g (0.202 mol) of diphenyl carbonate and 5 x 10~ 4 g (6 x 10" 6 mol) of sodium 
40 hydrogencarbonate were used. The measured results of the properties of the polycarbonate resin was shown in Table 
3. 

Comparative Example 4 

45 [0053] The experiment was performed in the same manner as in Example 7 except that 39.7 g (0.2 mol) of DDM, 
43.3 g (0.202 mol) of diphenyl carbonate and 5 x 10" 4 g (6 x 10~ 6 mol) of sodium hydrogencarbonate were used and 
PCPDM was not used. The measured results of the properties of the polycarbonate resin was shown in Table 3. 

Example 10 

50 

[0054] 49.9 g (0.1 9 mol) of PCPDM, 1 .6 g (0.01 mol) of norbornane dimethanol (hereinafter, referred to as "NBDM" 
), 43.3 g (0.202 mol) of diphenyl carbonate and 5x1 0" 4 g (6x1 0' 6 mol) of sodium hydrogencarbonate was charged to a 
four-neck flask of capacity 300 ml equipped with a stirrer and a distiller and then heated at 1 80 °C under nitrogen atmos- 
phere of 760 mmHg and then stirred for 30 minutes. 
55 [0055] Then, the reduced pressure degree in the interior of the flask was adjusted to 1 50 mmHg and the tempera- 
ture in the interior of the flask was elevated up to 200 °C at the rate of 60 °C /hr and maintained to 200 °C for 40 minutes 
and the transesterification reaction was performed. The temperature was further elevated up to 225 °C at the rate of 75 
°C /hr, and after 40 minutes of the completion of elevation of the temperature, the reduced pressure degree was set to 
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1 mmHg or below over one hour while maintaining 225 °C . Then, the temperature was elevated up to 235 °C at the rate 
of 105 °C/hr and the reaction was performed with stirring for total 6 hours. After the completion of the reaction, nitrogen 
was injected into the interior of the reactor to return to atmospheric pressure and a polycarbonate resin thus produced 
was withdrawn. The measured results of the properties of the polycarbonate resin was shown in Table 4. 

5 

Example 1 1 

[0056] The experiment was performed in the same manner as in Example 10 except that 36.7 g (0.14 mol) of 
PCPDM, 9.4 g (0.06 mol) of NBDM, 43.3 g (0.202 mol) of diphenyl carbonate and 5 x 10' 4 g (6 x 10 6 mol) of sodium 
w hydrogencarbonate were used. The measured results of the properties of the polycarbonate resin was shown in Table 
4. 

Example 12 

15 [0057] The experiment was performed in the same manner as in Example 10 except that 15.7 g (0.06 mol) of 
PCPDM, 21.9 g (0.14 mol) of NBDM, 43.3 g (0.202 mol) of diphenyl carbonate and 5 x 10" 4 g (6 x 10 -6 mol) of sodium 
hydrogencarbonate were used. The measured results of the properties of the polycarbonate resin was shown in Table 
4. 



20 Comparative Example 5 

[0058] The experiment was performed in the same manner as in Example 1 0 except that 31 .2 g (0.2 mol) of NBDM, 
43.3 g (0.202 mol) of diphenyl carbonate and 5 x 10~ 4 g (6 x 1Q~ 6 mol) of sodium hydrogencarbonate were used and 
PCPDM was not used. The measured results of the properties of the polycarbonate resin was shown in Table 4. 
25 [0059] The properties in Tables 1 to 4 were measured according to the following methods. 

[Refractive index (n D ) and Abbe's number (v D ] 

[0060] The measurement was performed by refractometer of ATAGO. 

30 

[Polystyrene converted weight average molecular weight (Mw) ] 

[0061] The measurement was performed by GPC (Gel Permeation Chromatography) using monodispersed poly- 
styrene having a known molecular weight as standard substance and chloroform as developing solvent. 

35 

[Glass transition temperature (T g)] 

[0062] The measurement was performed by a differential scanning calorimeter. 

40 [Thermal decomposition starting temperature (Td)] 

[0063] A temperature at which sample weight was decreased by 1 % in a nitrogen stream was measured by a ther- 
mobalance. The temperature elevation rate was 10 °C/min. 

45 [Photoelastic constant] 

[0064] A light of laser wave length 633 nm was applied to a cast film of each sample of thickness 1 00 urn by Ellip- 
somater, whereby double refraction for change of load was measured and photoelastic constant was calculated based 
on the measured results. 

50 

[Q value] 

[0065] The measurement was performed using a die of height 1 0 mm and pore diameter 1 mm at a resin temper- 
ature of 240 °C in a residence time of 6 minute under a cylinder pressure of 1 60 kgf/cm 2 by a flow tester. 
55 [0066] The following abbreviations were used for the compounds in Table. 

PCPDM : pentacyclopentadecanedimethanol 
TCDDM : tricyclo (5.2.1 .0 2 * 6 ) decane 'dimethanol 
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CHDM : cyclohexane-1 , 4-dimethanol 

DDM : decalin-2, 6-dimethanol 

NBDM : norbornane dimethanol 

H-4000 : polycarbonate resin derived from bisphenol A 

5 

[0067] The polycarbonate resin of the present invention is a novel aliphatic c^polycarbojiate resin wjth_a lo.w.phor- 
-toelastic constantrexcellent transparelnrcY^^d'he^tTesis^ta^ce, good flowability and a good balance between refractive 
index and Abbe's number in which each change of refractive index, Abbe's number and photoelastic constant with 
change of glass transition temperature indicating heat resistance is very small and very usefully applicable to materials 
io of plastic optical products such as optical disc substrates, various lenses, prisms and optical fibers. 



Table 1 



Example & Com. Ex. 


Example 1 


Example 2 


Example 3 


Comp.Ex.1 


Comp.Ex.2 


Molar ratio of TCDDM/PCPDM 


5/95 


30/70 


70/30 


100/0 


H-4000 


Refractive index (n D ) 


1.537 


1.537 


1.573 


1.537 


1.586 


Abbe's number (v q) 


49 


49 


49 


48 


30 


Mw 


65400 


68100 


65000 


66700 


34500 


Tg (°C) 


133 


120 


100 


82 


145 


Td (°C) 


334 


330 


332 


334 


445 


Photoelastic constant (10" 12 m 2 /N) 


12 


12 


12 


13 


78 


Q value (cm 3 /sec) 


0.10 


0.15 


0.24 


0.32 


0.094 



30 

Table 2 



Example & Com. Ex. 


Example 4 


Example 5 


Example 6 


Comp.Ex.3 


Molar ratio of CH DM/PC PDM 


5/95 


30/70 


70/30 


100/0 


Refractive index (n D ) 


1.537 


1.537 


1.536 


1.535 


Abbe's number (v D ) 


49 


49 


48 


48 


Mw 


65200 


65700 


67000 


66100 


Tg (°C) 


132 


118 


98 


77 


Td (°C) 


334 


333 


333 


332 


Photoelastic constant (10~ 12 m 2 /N) 


12 


12 


13 


15 


Q value (cm 3 /sec) 


0.11 


0.17 


0.27 


0.40 



50 

Table 3 



Example & Com. Ex. 


Example 7 


Example 8 


Example 9 


Comp.Ex.4 


Molar ratio of DDM/PCPDM 


5/95 


30/70 


70/30 


100/0 


Refractive index (n D ) 


1.537 


1.537 


1.537 


1.537 


Abbe's number (v q) 


49 


49 


49 


48 
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Table 3 (continued) 



Example & Com. Ex. 


Example 7 


Example 8 


Example 9 


Comp.Ex.4 


Mw 


67200 


65800 


66600 


68400 


Tg (°C) 


132 


119 


100 


82 


Td (°C) 


335 


334 


335 


332 


Photoelastic constant (10" 12 m 2 /N) 


12 


12 


12 


13 


Q value (cm 3 /sec) 


0.11 


0.16 


0.25 


0.31 



Table 4 



Example & Com.Ex. 


Example 10 


Example 1 1 


Example 12 


Comp.Ex.5 


Molar ratio of NBDM/PCPDM 


5/95 


30/70 


70/30 


100/0 


Refractive index (n D ) 


1.537 


1.537 


1.536 


1.535 


Abbe's number (v D ) 


49 


49 


48 


48 ; 


Mw 


64700 


66000 


65800 


64300 


Tg (°C) 


133 


120 


101 


83 


Td (°C) 


332 


333 


332 


334 


Photoelastic constant (10~ 12 m 2 /N) 


12 


12 


12 


13 j 


Q value (cm 3 /sec) 


0.11 


0.16 


0.23 


0.32 



30 Claims 



1. A polycarbonate resin obtainable by reaction of pentacyclopentadecane dimethanol, at least one compound 
selected from the group consisting of tricyclo (5.2.1 .0 2,6 ) decane dimethanol, cyclohexane-1 ,4-dimethanol, decalin- 
2,6-dimethanol and norbornane dimethahol and carbonic acid diester. 

35 

2. A polycarbonate resin according to claim 1 , using 0.97 to 1 .1 0 mol of carbonic acid diester per total 1 mol of pen- 
tacyclopentadecane dimethanol and at least one compound selected from the group consisting of tricyclo 
(5.2. 1.0 2 ' 6 ) decarte dimethanol, cyclohexane-1 ,4-dimethanol, deca1in-2,6-dimethanol and norbornane dimethanol. 

40 3. A polycarbonate resin according to claim 1 or 2, having a photoelastic constant of 60 x 10" 12 m 2 /N or below. 

4. A process for producing a polycarbonate resin which comprises performing melt polycondensation of pentacy- 
clopentadecane dimethanol, at least one compound selected from the group consisting of tricyclo (5.2. 1.0 2 - 6 ) 
decane dimethanol, cyclohexane-1 ,4-dimethanol, decalin-2,6-dimethanol and norbornane dimethanol and car- 

45 bonic acid diester in the presence of a basic compound catalyst, thereby obtaining a polycarbonate resin. 

5. A process according to claim 4, using 10~ 9 to 10" 3 mol of the basic compound catalyst to total 1 mol of pentacy- 
clopentadecane dimethanol and at least one compopund selected from the group consisting of tricyclo (5.2.1 .0 2 ' 6 ) 
decane dimethanol, cyciohexane-1 ,4-dimethanol, decalin-2,6-dimethanol and norbornane dimethanol. 

50 

6. Use of the polycarbonate resin as defined in any one of the claims 1 to 3, for optical products. 
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